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22 years to go from Eurol to Euro6

Diesel engines
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Huge reduction in emissions leading to development and applications of

new technologies to diesel engines (after treatment, common rail, engine
management system, turbo-charging)
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Sustainable Mobility Dilemma
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Electrification: enabler of further steps
In_efficiency.improvement

Displace Petroleum
e Grid connection

Hybridization
» EV Operation
» Load Shifting

c _ | * Regeneration
onventiona « Stop / Start
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Technology Implementation




Gasoline engines - Current state of the Art

Spark Ignition

Direct Injection Cam Phasing, Variable Valve

Lift, Active Fuel Management

Downsized SIDI
Turbo Boosting




Diesel engines — Current State of the Art

Advanced Boosting with Cylinder Pressure Sensing
Small Displacement
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New family of state-of-the-art, four-
cylinder, 1.6-liter diesel engines
Class-leading refinement
power/torque density

Fuel consumption reduced by up to 10
Compliant with future Euro 6
emissions requirements
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DOWNSIZED TURBO GASOLINE ENGINE

Chevrolet Cruze Eco
1.4L Turbo Ecotec
42 MPG Highway

42mpg = 17.9 kml/|




ECOELEX TURBO DIESEL ENGINE
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Energy sources, paths, on-vehicle storage
and vehicle propulsion systems

Energy Resouce Conversion Energy Carrier  Propulsion System

Oil (Conventional <Liquid Fuels Conventional ICE
Gasoline / Diesel

Oil (Non Convent. e

— —; ICE Hybrid

Biomass

Natural Gas

= Plug — In Hybrid

ma Range Extender E
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Battery Electric

=4 Fuel Cell Electric




Alternative Fuels

€/1t Emissions N. fuel pumps Limitations
Source Influenced by tx (PM/Nox)

1,81€
Gaso lin (sl Refinery 41% - indust price

59% - Taxes

g Diesel
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CNG
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Ethanol
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Alternative Fuels
Opel Astra Sports Tourer 140 Hp/130 Hp Ds

Diesel
Reference

Gasoline [EH Lt/100 km 1,81 €/t 5,5 €/50 km 43%

-8%




Energy Density in Carriers
Gasoline. & Diesel . vs batteries
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Volumetric Energy Density (Wh/l)




e-Assist Technology

(®) 2.4 | Ecotec Direct Injection 4-Cylinder Engine: = Oi 15 kW:Electric Motor-Generator

(@) Hydra-Matic 6-Speed Transmission (é; 115 V Lithium-ion Integrated Battery

Mild Hybrid architecture based on:

» State-of-the-art lithium-ion battery
»High power Motor Generator Unit (BAS)
»Real time energy optimizer ECU

Features:

»Enhanced Start & Stop
»Regenerative coasting/braking
»Torque/power electrical assist
»Electric launch




Range and Cost

450 500 Range/km




Range and Recharging Time

0 50 100 150 200 250 300 350 400 450 500 Range/km

=» The same is valid for mass and volume




Iy picall Daily-Mileage
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OpelfAmpera
AEUly Capakle ElIectric Venicle
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Chevrolet Spark EV

This electric mini car utilizes some of the
same cutting-edge electric power
technology proven in the Chevrolet Volt.

Motor that delivers 130Hp and 542Nm for
Instant acceleration, 20kWh Li-lon battery

Battery is backed by an 8-year/100,000-
mile limited warranty

It will be sold in USA, initially

80% re-charge in 20min with dedicated
SAE Combo DC Fast Charge

Full re-charge in 7 hours with AC 240V
station




The Challenge of a New Technology

1983: Martin Cooper introduce
first Motorola Mobile
* Dynatac 8000 «The Brick»

4000US$ + 1000 g

.
“« ortable Desk Phone»

2010: Steve Jobs
iIntroduces

/3 PORISFHomIBp s 4
<<A,,‘§mart Netbook

ifitegrated in a Mobile
Case»
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